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A new realization for radiative neutrino mass generation is presented. Based on the requirement
of tree-level custodial symmetry and the introduction of higher (greater than two) dimensional
representations for scalar fields, a specific scenario with a scalar septet is presented that generates
neutrino Majorana masses radiatively. This is accomplished through an eleven dimensional operator
that requires the addition of several scalar fields and a SU(2) 5-plet of new fermions, together with
a Z2 that guarantees the preservation of custodial symmetry. The phenomenology of the setup is
rather rich and includes a dark matter candidate.
Precision electroweak measurements constitute a very
clear window into possible new physics effects [1]. In
particular, the observable related to the custodial sym-
metry present in the scalar sector of the Standard Model
(SM) called ρ [2–4], puts stringent constraints on any
scalar extension related to electroweak symmetry break-
ing (EWSB). The SM prediction for this parameter is
ρ = 1, in complete agreement with measurement [1].
An inescapable fact is that extending the scalar sec-
tor of the SM is practically a must in any scenario of
physics beyond it. In particular, the addition of extra
SU(2) doublet scalars has led to a rich source of phe-
nomenological studies with a vast literature, see for in-
stance [5, 6]. A key feature singled out in this letter is the
fact that scalar SU(2) doublets do maintain the custodial
symmetry present in the SM and hence the prediction
of ρ = 1 at tree level in agreement with measurement,
but that in order to use other representations one must
go to high values such as a septet in the next minimal
case (triplets can be used with specific conditions but are
strongly constrained[7–11]).
Seemingly unrelated to the issue of custodial symme-
try, but not to the scalar sector of the SM and models
beyond it, is the problem of neutrino masses. Stated
succinctly: the generation of neutrino masses generically
demands some extended scalar sector. A very impor-
tant and well known feature of neutrinos is that there
are two options for their fermionic nature: they can be
either Dirac particles, like the rest of the fermions in the
SM, or they can be Majorana. Models with Majorana
neutrino masses abound that rely on basically two gen-
eral approaches (sometimes intertwined): radiative mass
generation [12–16]1, and the so-called seesaw mechanism
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1 For a systematic clasification of one-loop and two-loops realiza-
tions of the dimension 5 Weinberg operator see [17] and [18].
[19–29] (in its several implementations and schemes).2
For detailed descriptions and comprehensive references
on these please see [33, 34]. Scenarios with Dirac neu-
trinos, although less popular, also exist. Some of them
use, for example, extra dimensional constructions [35–
37], seesaw-type mechanisms [42–44], extra Higgses that
couple only to neutrinos [38–41], flavor symmetries that
forbid the existence of Majorana fermions [45], and com-
binations thereof [46]. It is worth to mention that higher
SU(2) representations have been used to generate neu-
trino masses, see for instance [47–50]. For an interesting
recent proposal using new gauge interactions see [51].
In this letter a new scenario is presented in the context
of radiative Majorana neutrino mass generation that is
motivated and restricted by custodial symmetry. By im-
posing as a requirement an extended scalar sector that
preserves custodial symmetry, the question then is what
kind of minimal construction can be proposed in order
to successfully generate Majorana neutrino masses.
It is well known that, barring SU(2) doublets, custo-
dial symmetry preservation (at tree level) requires mini-
mally a SU(2) septet with Hypercharge Y = 2 [52]. The
scalar potential of such a septet has been analyzed in
detail in for example [53]. A crucial observation is the
existence of a dimension seven operator that induces a
vacuum expectation value (vev) of the septet and guar-
antees a proper electroweak vacuum (the presence of the
dimension seven operator guarantees the absence of an
exact massless Nambu-Goldston boson). For a thorough
discussion on constraints to septet-doublet mixing from
precision electroweak parameters see [54].
The model in this paper takes those initial ingredients
(SM particle content plus a scalar SU(2) septet) and adds
the minimal structure required to obtain a (radiative)
mechanism for neutrino masses. The complete particle
2 In supersymmetric extensions with R-parity violation it is possi-
ble to account for Majorana neutrino masses [30–32]
2content is then that of the SM plus the following fields
(multiplets referring to SU(2)): a fermionic quintet Ψ
with Hypercharge Yf = 0, a septet scalar χ with Y7 = 2,
a scalar quartet Θ with Y4 = 1/2, and a quintet scalar η
with Y5 = −1.
In order to preserve the custodial symmetry, the η and
Θ scalar fields must have zero vevs. This is guaranteed
by means of a Z2 symmetry. Furthermore, in order to
successfully induce the Majorana mass for the light neu-
trinos, the fermionic quintet Ψ must also be charged un-
der the Z2 symmetry. As a consequence the scenario
can lead to either scalar or fermionic candidates for dark
matter. This is the minimal matter content for a frame-
work where the septet contributes to Majorana Neutrino
masses. To see that, consider that the fermion (with hy-
percharge Yf = 0) must contain a neutral component
and thus must be in an odd SU(2) representation. If as-
signed to a triplet, it couples directly to the SM Higgs
leading to the Type III seesaw [29] and thus the septet
is unnecessary. The quintet is therefore the smallest rep-
resentation that works for the mechanism presented in
this work (the additional scalar four and five dimensional
fields correspond to the minimal set required in order to
close the loop).
The vev of χ is induced through the dimension seven
operator required for the proper electromagnetic vacuum
mentioned before [53] (note that the Z2 symmetry pre-
vents Θ and η from forming similar vev inducing opera-
tors):
L ⊃ − 1
Λ3
(
χabcdefφaφbφcφdφeφ
∗gǫfg + h.c.
)
, (1)
with φ1 and φ2 denoting the charged and neutral com-
ponents of the SM SU(2) doublet respectively: φ1 = φ
+
and φ2 = (φ0 + v + iA)/
√
2. The (symmetric) tensor
notation used for the septet χ with components χi (i de-
noting the isospin component) is χ111111 = χ3, χ111112 =
χ2/
√
6, χ111122 = χ1/
√
15, χ111222 = χ0/
√
20, χ112222 =
χ−1/
√
15, and χ122222 = χ−2/
√
6, and χ222222 = χ−3
with χ−2 = (v7 + h7 + iA7)/
√
2.
A Lepton number violating Majorana mass for the
neutral component of Ψ is present and required for the
radiative mechanism that induces small Majorana neu-
trino masses. This can be seen explicitly in the diagram
shown in Figure 1. Note that such a diagram corresponds
to an effective dimension eleven Weinberg-like operator
LLφφχ˜, where χ˜ denotes the effective dimension six op-
erator implicit in the diagram.
Several observations regarding the setup can be singled
out: the complete scenario is motivated by an extension
that respects custodial symmetry. Hence, once scalar
SU(2) representations other than doublets are consid-
ered, the septet is the minimal choice. This determined,
the introduction of the fermionic quintet represents the
minimal setting for the generation of neutrino masses in
〈χ〉
φ φ
L L
Θ Θ
η η
Ψ Ψ
Figure 1: Diagram for neutrino mass generation involving,
in addition to the usual SM fields for left-handed Majorana
neutrino masses, the fermionic SU(2) 5-plet Ψ, the vacuum
expectation value of the scalar septet χ associated to custodial
symmetry, and the additional required scalars in the quartet
(Θ) and quintet (η) SU(2) representations.
a novel fashion. This 7−5 / scalar - fermion combination
is therefore unique and justifiable.
To accomplish the radiative generation of mass more
is needed. The introduction of additional scalars is nec-
essary and the most economical case corresponds to the
inclusion of Θ and η in such a way that they do not
participate in EWSB: an additional Z2 symmetry is in-
corporated to accomplish that. Note that the neutrino
mass scale is given by the combined suppressions of loop
factors and the (perhaps not so heavy) scalars running
in the loop. Although a complete computation for the
neutrino mass is out of the scope of this letter (and will
be presented elsewhere together with a comprehensive
analysis of the full scalar sector), it is possible to make a
general estimate to determine the necessary scales. As-
suming all dimensionless couplings to be in the range of
O(10−1)−O(1), and taking the characteristic (dominant)
mass scale running in the loop to be of O(10 TeV) an ac-
ceptable neutrinos mass scale is obtained for a septet vev
in the range of O(10−6 − 10−1 GeV).
All these ingredients lead to a rich scalar and fermionic
phenomenology potentially testable at colliders: this sce-
nario provides a low scale Majorana neutrino mass mech-
anism.
The presence of the Z2 symmetry that guarantees cus-
todial symmetry also gives the possibility for a stable
neutral field coming from either a combination of the
neutral components of Θ and η, or from the neutral com-
ponent of Ψ, and so the framework also provides a dark
matter candidate. If it comes from the scalar sector it is a
so-calledHiggs portal scenario where the coupling present
in neutrino mass generation is also present in dark mat-
ter direct detection (and also probably its relic density),
as is typical in other known cases such as, for example,
the scotogenic model [55]. What is peculiar and interest-
ing about the present setting is the connection between
custodial symmetry preservation and the possibility of
scalar dark matter.
If the dark matter candidate is fermionic and thus
comes from the quintet Ψ, it is also important to note
3that it corresponds to the preferred case (for O(TeV)
mass) of the so-called minimal dark matter scenario an-
alyzed in [56], for a more recent analysis on this topic,
see [57, 58]. This is an interesting and noteworthy co-
incidence since the quintet representation has been re-
quired/motivated in this scenario by merging custodial
symmetry with radiative neutrino mass generation, a to-
tally (a priori) unrelated sector.
A potential concern with frameworks that use high di-
mensional representations is that of perturbativity: the
use of higher dimensional representations alter the run-
ning of gauge couplings in such a way that they might
become non-perturbative very quickly. An analysis based
on the requirement of perturbativity for the SU(2) gauge
coupling was performed in [56] leading to the following
upper bounds on the dimension (n) for viable representa-
tions: n ≤ 5 for Majorana fermions and n ≤ 8 for scalars.
The scenario presented here satisfies both bounds.
The phenomenology derived from this new scenario
for radiative neutrino mass generation, together with the
two interesting possibilities for scalar or fermionic dark
matter3 (considered to be an important spinoff of this
scenario) deserve further study and are currently under
investigation.
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